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Abstract: Location-Based services guide a user to find the object which provides services located in a particular position or region (e.g.,
looking for a coffee shop near a university). Given a query location and multiple keywords, location-based services return the most
relevant objects ranked according to location proximity and text relevancy. Various hybrid indexes have been proposed in recent years
which combine R-tree and inverted index to improve query efficiency. Unfortunately, the state-of-the-art approaches require more space in
order to reduce response time. Cache mechanism is inefficient due to huge storage overhead. In this paper, a novel index based on index
compressed technology (CSTI) is proposed, to answer top-k SKQ. CSTI significantly reduces storage overhead (by at least 80%), while
maintaining efficient query performance. Extensive experiments based on real dataset and simulated dataset confirm CSTTI is effective and
efficient.
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AR A 37 A R SCASA S AR B KR DA 0 4 v B e A M SG B U7 ) R R AT R H 8T
T SR R AR A () R SRR G 28, 2 TPt 22 PR 51 05 1 BT T vk R Rl 15 5 ) R 5 A SR %
SRR 7 AR e 2 A P i, 2 T B A0 [ B B AT SCAR S 9 AR ) ok 2 v 3 3 A 7 AR B
(1) AFfETFES R TC IR 2 ML SE I 2R 51 (A5 1A 2R 51 K9 s 46 15 (8 HE SO ), 38 1 SO S (19 R 51 (O B 3 4 1
BRG] Tree), hy T $2& mi R Pk B, H A7 4 A 8, R 9 (1470 225 [l i Js o Kot g J L R & |

Fif#.
(2) ZAFHLHITCRL. tr T B M (VR 13 R 5 ol T KSR A7 fih 2 8 AR M e LA AT R A T = A7 WL S 11t
S W) RV ) B

(3) e ITHI R FE T A MR 5] R-tree F P A &, 11028 (0] 2R 5 LI SRR 5 0 B & 19K T AR

BRI AR SR AL — BT 1R B T IR 4 H R I R 51, BASCHF top-k 2% ) S B 1] A 1) A S0 B DTkt

(1) B B v 280 4 1R 28 5 | 5 M) S SOt T TR i B R 1B R 51 45 #——CSTI(compressed  spatial-textual
index).CSTI R HH AR 58 1 5 2RI 43 % G 3 & 4513 PCTree 2R 51 JLBIHES 2, RE 8 B 25 FRAR A il T
4R 1y R A i o T T 47 ) 7 [

(2) B PRIR top-k 7% [ JCEE A A R BV BT CSTLAS L Ui B v 0K 2R S92, R A )3 top-ke 2% 1) DK Bkt
] A .

(3) BB NISEIGAE W] T T3 3k I AT RCHE R w2 o T A B R A g Y T AR R A B CSTT 944 I &
V6] FF 45 BE T S0 SN LA R AN AT K S0 PP Al SR 25 SRR W], CSTT 7R 77 [0 P4 . A /O,
Wi S5 BT 1) = R AL T IR E 5 7 %5 ] e 22 D B A B 4, B /Dt B AR 80%.

1 (o) §5 ik

FETAL B RS 70 T AT A 35 R R B s P 5 7 ) o R B R ) 3 U B . FRATT UK
R 1 T AN AN, 5 A TR A R I A5 SCAS R Bk L Dy 2 () SCAS G B A IR T AL R A T RE TR AR
A PRI SR AR B S B 1wl A 5L, I BT B kv A R, 25 17 5 100 IR 45 066 30 [0 R S AR dge A G L3 5 ) o7 8 e AH O
ST 4.

EX W(ZEXARMFR). FBADTN-LAENG o(id loc,doc) 5 3 % FriR . 25 0] JB R A @ 1 .o0.id &% %
Frils0.loc 72 2 YL 27 (B AL 5,8 H G 405 K 7R 0.doc BRac 3 S IR SCA B 1, B 20 A O 1] 20 k.

EX 2EBIFK). AR g(loc,doc, k)@ 3 AN EME.q.loc GG RN 2 4E%5 0] £5q.doc & i )
A gk 7 3R (8] 1 5 SR

TE X 3(top-k T KBIRAE). G EF H-XANZRES O, R XM EH g(loc,dock), N O TR kA
S5 AH G 1) 25 0] - SCAS R G AH Ik [R] Ik 2 16 T 2% () AR P R0 SCAR AR ABL PR 2 2 (D)~ 3 (3) 43 T 45 Hi A R0 42 1)
AR 23 TR AR P AR S A AR R 15 0 ¥

7(0,9) =a-d6(oloc,qloc)+ (1 -a)- O(o.doc,q.doc) M
d(odoc,qloc)=1 — M @
Z a)l.o.dnc : a)t.q.dnc
H(o.doc,q.doc) = 1eg.doc )
z a)tz.a.doc ' z a),z,q.doc
teo.doc teq.doc

T o 1 DR, YR 72 R A T 1 R0 S AR AH S 1) T 2 . d (0. Loc, g loc) /X 5 o FIEE ) g 175 (AT BE (20 . d e A
G E5e KB . @, o A 1A) ¢ LESCKY doc W FT o IRIAL T

B 1 1 45— top-k 7% 8] S H ] A ) 1) 7 1) 8 ALY [ 35 8 AN LT g kIS SR A O
1 Hoaty H B KTV.A T & SCAR AR 6 5 o3 BRI 5, {7 03 AN I KTV.HAR N B o6 B B R UF 5 NS 1, SR 1
T A DB T 1) A VR B SR 25 R AR P R DG B A R AR A 06 1 D top—1 IR [H].
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3o AL so Al 3 S A = 2 o2
B St I Top-k 5 18] £ 414 & 6 5 AR % £ 3] 159
11|21 23 |29 31 |s3 55 |61 63 | |0 |1 [(BBQ,2),(fish2)
110/ 20 22 |28 30 |52 54 | 6% 62 0, |2 | (buffet,3),(fish,1)
Y s 27 |49 51857 89 o; | 3 [ (restaurant,3),(fish, 1)
q(KTV, buffet) o 4 | (BBQ, 3),(buffet,1]
100 16 18 |22 26 |4 s0 |6 s | | (850, 3) (bufet, 1)
5 buffet,2]
ol s 7 | 13915 | 37 %0e 45 a7 || (buffet,2)
. . 0 | 6 | (KTV,3) (buffet,2)
o10| 4 6 |12° 14 | 36 38 |44 H6
o, | 7 | (restaurant,2), (KTV,1)
&
001 1 3|9 1138 354 43 o, | 8 | (restaurant, 2),
oof o 2 |8 10|32 : |20 (buffet,1)

000 001 010 011 100 101 110 111

Fig.1 A sample of spatial keyword query
K1 ) SC B ik s

2 tHEIE

IR A3 ) 27 AT R I AR DB ) AN A2 DA 7R A B AT R I AR e ik, TR R R T 7 B 5 B R s R 28 )6
SR A L R R g RV LA T 3R A A T B A R A B SR SR, 2 1) B P 4 4 ) S B A 2R R [
T AL A9 (1) 25 [A] SCA K 4

FGA PR v 1 2 1] OB il A 3R 2 B OV A% 450 A V0 I 1 e e AT B A 1 .

23 IR B KY 2 E EA 3 L e iU Boolean 15 [l 75 #,Boolean kNN ¥ fll top-k kNN F#j(iE X 3).
J TR E R R YRR, A 1) BY A ) (A i BEAT S AR IS 8 4 A AN IR & 8] R 5] (R-tree,Quad-tree,Grid,SpaceFilling
Curve) Fl X A& 5| (inverted index,signature file), M, S FFAS [l 4% S8 A i (1R 5 &R 51 B 42 T R SCHR[10]0 1%
LR ST E5A 0 LG, T 45 Y SEIR PG R T VR AN A 8 P R SCHF top-k 28 [RGB R X M ) & 5.

IR-tree!”), % A R 514 56 VR 7 R 51 7 20, 7E R-tree [R5 S N inverted file 2851 SCAE &L, 1K 5
2 [e) BY A IR [R] I AT SCAR I 98 SR8 T4 th — P VR A& R 5| ——S21.S21 R SCAL S 18 J7 32, 2 LA AR [R] 56
R ] 0 S 0 8 70 R S0 Sl A ) P S A AR I R 0 1) 4 A 4, S 21 R aR-treet % 5[
PN AT 1) G AHX T IR-Tree,S21 Wk /b 7 R (MG 10,38 =1 T K 2 1 B, AR 1T B 55 2504 5t 190 386 K, AN X
G SO B 2,21 # R PERE G T %,

Bz DAL A G 5 I b, 2 3 D R 00 T P 2 ) AR 28 T 3 TR 288 A, 5 I 2R 5 | AR R R 2R i 1o,

AT T top-k 27 [A] B I A 28 1) P BB 503 . B T S top-k B A SR M R T I R BEM A MWIREG R
1,24 T B8R A P S T G 42 T K 2 T T A S i D T s 4 1) 2 ) - SO AR R 5| ——CSTI WK 55 4h 1)
FEAR U 2, Bl i s 47 00 s B8 5 2 (R R R BTG 5 48 v A i b e, A T 8 A R .

3 EFEHBHIZEE-XAKESI(CSTI)

I /D F2 5 | 1 25 )T REASAN T A8 AE A AR, I BoF 4 0 000 AT 25 380 PN A7 [0 A B ) B8 o 22 A7 o v 3R B 7
P . R 1k, A S8 HE 6 R4 119 23 [F) - SCAR R 5| ——CSTL

CST &5 T BIHESC B 11Z 51,50 AN [R] 4513 S B ] 1) 480 HE 21 26 X A 775, B8 B T S2T (R ol AR Tt ) A7 2%
W IR R, CSTI R T 1 1R 51 45 M——1T 28 IE 46 B (PCTree). X T~ R4 %37 (114 R, CSTI SR Block 45 1 774
HARHAER A T LF R RS, 25 W R R R ey A7 B A5 B.CSTI 2K 4 ANk Tk, SiE#
. PCTree Fl Block. ¥l 2 25 H T XN T Bl 1 HoRfil i) CSTI &R 51 4844,

CSTI [¥) Block 45 #4AH M 5 5, %5 T8 HE 41 3R A B BAN 0 52, 0 S Gbn 76 id R DG B ] 8 6 5 o (A R ()
TF RoR), 1 2(c)BFT7R. TR A48 CSTI B HAb 4 1.

3.1 FHE

£ CSTI (TR ZEA 4, 7 R A7 O EE 1A 19 0 (5 8, 5 AR SRR (A . R B FR A& (type) FISC - Fi 4
(pointer). 3L A 26 2 7~ AN SCHHE ] £ I A 6 G o HH B AR IR B8 208 L b 75 R W S 1) ) RV F6 181 R 1 2 SR P AT R
T BT SO HRET 48 100 A7 6 15 HE 51 2 09 S04

B 2: 16 2(a) g A 1 565 B 1R 7 B 3R AR B SCRS AR KT 3 10 S Bl ]2 A 1, “buffet” K F PCTree & 51 HiA5
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HE51 2, 2 A O 8 i) K ) Block 285 | HAB]HE A1 26

Dictionary (a) Inverted list

term id df type ptr Storage(data file)

BBQ t 2 Block —  <0,0

fish L3 Block 5 < 111 root P (d) PCTree

buffet ty 5 PCTree —— <0,,04,050502> | pEmrmmrmsmae | raor | e
restaurant t, 3 Block —_— <o,

KTV ts 2 Block 5 <og0p

1071+

110 B30 T8 e &

| n“*’?‘“-l—|
U PR A 59|

ln-‘ J_| 001100
100 u ® 50 5% s

prren
1 3
2 S [P ST € I ﬂ
% 3 — [s 011 138 15 37 30 ™ rul =3 =2 =22
I 39 t=3 . EZSL fotare 0g 4 } !
HB a6 oo | of 14| 36 e ‘z|3‘|a,5[1,2||5,a|2,1|
8 e :
|6 |—s[48 2
g [7 51 oot .
8 —>| 60 001 o010 011 100 101 110 111

Fig.2 Structure of CSTI
Kl 2 CSTI&35I4EH
32 FHEERRE

) TAEF 45, CSTI K H 25 () L 78 i 2 45 K 2 423 [ AL bR 56 44 1 4k 5 FH 1) Zorder, Hilbert 5525 [ L 78
i 28 ¥ ] Sk i A B A5 S,CSTI SR Zorder 4ifil.

h T RO R P 4 LA ORI 2 A7 AR ST PR G 50 1k 51 3 v v A A T ) B 92 2R 5 1 1 2 T Y
FE,CSTI %1 Zorder 4% 1134 S 1k 58 4 REAN T G A0 L id, T 2 [ £ 4% 3 S B A7 ik i 0 42 id K540%F Zorder
Gt 7R % TR R T 2(b) S T 90 1 5% 1) 2% i) A5 2 AH . 1) Zorder 4 ith DG % id WS O R Wi 2 JioR.
3.3 HIRIEZERI(PCTree)

MCHR Zipf AU, 2D 2 (19 S B ] A0 HH I, K 2 ) DR ) AN AT S IR, DR 0Lt A7k A 7 400 2R S ] ) 43 HE 1)
FHA T X .CSTI 4> 5K H PCTree H1 Block 17 fif 551 % i) F0 =l 470 28 ia] 4 451 Hk 51) 2.

FRAR 22 5 | A0 T8, A 3R T B AEWLE CSTI k%0 TAE.CSTI 127 Al & R BUBr /0 BE A % id, A I,
AT LA R R B HER 5 R 4e BeAR BIHER 51 H I R 46 50754 A K 717, Gamma coding. S9. S16. PFD
gD UL AR SCRFH PFD s 4 33200 A7 5 1l ) 0k 91 R 30 A T R 4

T 7 a5 R AR B A Sk A R HE 41 2R [R] I R Rk 30 AT 245 8] BY B ,CSTIT SR i 4% J 45 #4 (prefix-based
compressed tree, [i] B PCTree,) 4 B M 20 28U 48 B B

PCTree & —#f B 7 FI A1) aR-tree A8 Fh (R 3 77122 2 R SCHR[17]) 4K B Zorder JLFE # 2k (AR5 (2) QiR
T2 A 7250 B4 T2 ) A 1) Zorder #fith j& 175 W) B (1) Z-order Zah [ Al 4;(b) 1 2 ) A Fi12s i)
BEA LRSI 4 AT B — & AAHAL R, PCTree K B A 2 3L 11 25 2 A 1) 25 [0] AL A K1 43 31— 2, JE 7 aR-tree
BT AR LB AR SR Y aR-tree, 1% 5 15 T R-Tree ™17 yui 0] (19 50 B, W9 08 17 2% () BY B i 7. [ ) ,CSTT X} aR-tree
AT ST PFD 4,3k — Sk /b T 25 (0] FF4H.

PCTree NYELAT aR-tree I8 25, iE 50 T aRtree 1K) 25 [ BT kG A8 J1;PCTree JE4H T I i, B i A4 i i
/bF aR-tree fE G FIRE R M REIS L T aR-tree.

B 3: 1 2(d)g5 H S B “buffet” X B [f) PCTree, /212 2 T 2 7, A7 T S WG 45 44 5 52 04 A1 05 1K) Zorder i
fi5 53502 100111 F1 101110, 3 AT AFLHTEE 10%1%* ZBLLH, 0 B 06 Fl 0 FIAFLHTEN 11005 X 5 0, HK
AT L AT SR 2L Zorder G A 5 PCTree [R5 25 HH IR A7 6k T 1A% Hh B3] 1K) B R BCER, nl DA s ket o 5
R U PR AE DG, 2 R BY R 1) TR 34T AR .

34 Z=EFFHD

—HRAFGiE N 2503 1K aR-Tree, 5 K 1 BE 1A 57 40 A 30(4) 7R, 1X AR aR-tree K717 & R 20n] LR A 5X(5) 3k
5 . PCTree {17 S ALHE Jo A5 AR 45 (0 50HE 5 5 PED 809 10 2 R 45 LE 2 yOR T 1), M5 SR A n
KPR, Hoh entrySize 2 T015 B 0 A5 18),(5mx8)/y2% 7 [ 4 I i B B [V I, 2 s (8) R4 2X.(9) 2 il 45 1
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aR-Tree il PCTree f4% MR LAY, 23 A(10) V1 55755 4 A9 2 ) T 22 2 (8) 45t F vl 1)1 s R P45 a3 A S AT (AL
2 A(5)) e LUBEN 1Y R IR /NE  aR-Tree (K175 [0)31 AE; 110 PCTree [ 45 5 5 0] 5 5 A7 it B R AN ), 2 5K
(9) 7 ZEL A m IA) 5 453 0 72 [8] Y R RT3 203 0 72 18] 7 4.

B = (logm N—| -1 “4)
Tnax
Z{ﬁf—':{ﬁw{ﬁz—‘*m” 3)
ol m m m
= blockaze § ©)
entrySize
c(leaf, pctree) = entrySize + Smx 8/ y @)
hmax
c(rtree) = z [ﬁl—‘ x blockSize ®)
i=1 | M
Iax S A7 N
c(pctree) = Z {——‘ x blockSize + [——‘ xc(leaf , pctree) )
= | 5m' Sm
- c(rtree) — c(pctree) _ 4 i N < 1775F 84 _ s 4 (10)
c(rtree) 5 o lr N W S 5m  yxentrySize) 5
mx |-
=1 m

LA Doy RN I M i ym J2 aR-tree 17 5 AE A A I 852D entry ,PCTree M 15 yi I &4 Sm(BE entry
8B), 1 [H] 1 s {45 i1 15 aR-tree — 2 .blockSize 7~ aR-tree 17 s [ 25 A AR AN 0 5 B A 4 096B; fK 7~ 11 A 78 %,
R (6)25 Y m,blockSize,BentrySize 15 & ;entrySize 7 aR-tree 1 i entry 1 K/N AN 54B.

ML EH#ES A TTLUE H,PCTree (125 (B 22> LE aR-tree 1544 80%. [F] I PCTree M5 s5 98 /b h Js ok 1)
20%, H[A) 5 A K koD, 5 B0 73 PCTree OB i AR [7] I PCTree it 4 5 45 1) ¥ .5, A itk PCTree (1 1 REAL
T aR-Tree,CSTI Aef SCRFIE MR top-k % [AI SR & ). T HTHEE 4 KR4 IR top-k 2% B GBI A &
k.

4 Top-k ZEXBIAKNREE

ASCER R G 284K CSTI 34 SE N R [ top-A 47 [A] 5% B 1) 125 19 T+ 5 O B Ui A R N 22 S0 B ) Ay 2R AR 3
4t SSKQ HLi A MSKQ Sk LA 1 75 ).
4.1 BXRREREZ
S0 SSKQ 47— AN HE H AT R E 45 0T A g, 15 6 A 47 SR HR B OC B ] S A L AR 4] (T
3), MR SO R ER B Al A A N B B b 1 A X R B HE(T 4~4T 7), 3R AT & A& R (AT 27); i SR 2 A ]
(1T 8),3 /77 PCTree #k FIAH . 1) e 4 Bk filt TR B0 46 A B ME H P (T 9~47 21).PCTree 44 T 5C5a il ) B KA EE
HXF 4 MBR 15 5, R H] best-first 18 28 500, B e fpAH G 1 85 R SGR HEFE H (BT 24 46 ) top-k 45 RN, 2
1B, IR P45 R (AT 22~47 27).
B3 1 O R SSKQ(Algorithm 1. SSKQ(CSTS,q)).
Input: index CSTLquery g(loc,t;,k);
Output: top-k objects which have highest score.
MaxHeap H«—¢
type—lookupDictionary(term)
if  type is no-compressed then

1

2

3

4: List l—traverseBlock(term,type)

5 for each spatial-textual object ol do
6

H.insert(o,70,q))
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end for
else
H.insert(PCTree'i.root);
while H.isNotEmpty() do
Entry e—H.pop();
if e is internal node then
for each node nee do
H.insert(n,(n,q));
end for
else //e is a leaf-node
Entry d«—decompressNode(e);
for each spatio-textual object oed do
H.insert(o,7(0,q))
end for
end if
if H.k is available then
break;
end if
end while
end if

return top-k object in H as result

Bl 4:5%F N T61 1 1 top-1 ZX ) q(buffet), “buffet” i 4T M ] PCTree. 1 5¢, B AR T AUID A K TiHE B A, 115 1L
TR g ARG, d B AT A0, e A R #7271 1 e, IRl e A2 70 i, T B I 7 6 5 R 91 1) A S, AT 4 %
% 0y I A R,IR M 45 5 0y,
42 ZRBIRARREEZ

D) H AR P B B A 2R (1) 3 ff, 22 SC BIRLAS R 20 1R R 22 A A QB A K R, 0 1o 4 e /1 o DG
T R84 45 43 (A T (12)) 2K 58 ks R I R B8 O 6F G R A 6 B A BN & R AR A0, B DURL R oG i) @ 15 H )

A AR SR BN GRS I 1R 2 I 28 S (13) 4 N SR AN AL AR DGR (1

7(0,9) =a-6(odoc,q.loc) + (1—a) x O(o.doc,q.doc)

=a-d(oloc,qloc)+(1-a)x z IDF (t)- 4,

teq.doc

‘q,docl

teq.doc

(0,q) = - SPLCGI0) [ oy ipE(s). 4
|g.doc|

(g N o(ploc,q.loc)
‘q.doc‘

O = z ' (0,q) + z 7' (0,9)

Vi:oeLJ VjoglL;

o = Z Ti(O,q)"' z max(,uj,z'(O,q))

VioeL; Vji0elL;

- > [a 2plocalod) | 1 ). DR (). ﬁJ

,0.doc

,0.doc

(11)

(12)

(13)

(14)

1s)

MSKQ Sk 2L FEUNF ¥ 56 4 RS OB I 4 4P 05 B (T 2~1T 4). R R R IR S, 5 il 3L
FIX 5 p, o5 p IR SRIERUR B p S08T S B9 5% w, NN p BMEESR CAT 6~47 1) . BB C R RT R -
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FHAT 13), 9 AR KT C A X G S R %0 %0k 45 AL IR 8] kAN 45 R0 28 1R R R (T
15~47 17). 5800 E m /T & I R[] C AT fe i B 510 (k=m) XS (AT 21).

25 SR i A5 2 TR W (1 P Ak i 3 8 A U 2 P 1) R O R B e R U DU PR R 1 top-k 4 5 PR AT 25 1L AR K.
ASTC G T SR T R R U

(1) e I 6 2 SR ST Py 32 456 1288 360 X 7 £ G B ) A 2 R, 50 0 D 0 A R U8 PR — ) i o SR
{7 P AT AR A 5 R A 36 45 R B - M, 22 URIE AR A REH 1) Be 2 45 2R 1 48 Y DI04 PO 26 6 S

(2) Tt AFUIEAR, 12 SR 14 BN kAN AL ZR ST AN 00 G2, R 2 A AT S P i K 10 0T 5 T A TR R UL
e e ). 8L Ay S A 2R K0 B di S U 1), 12 SRS T LU PR 4 21 A i DIE PR B 28 6 R B T 2% A R

B 50 N 1R R (KT, buffer), % 1 45 R T HE (132 9 SR 14 22 5 B 1] o 2 ol Rt InAHL ) 0 o
X R AR, T 5 D IEA, B2 06 1F N top-1 47 2R IR [,

F 1 ZREERRIER

PCTree” Block"® ik 4k Ciplp_p1}
(02.0)=0.2676 (05,9)=0.4105 02[0.3926,0.6781],04[0.5355,0.6781]
73(05,9)=0.2407 2210.3926,0.67811,04[0.5355,0.6512],05[0.3234,0.6512]

02[0.3926,0.5646],04[0.5355,0.6512],
05[0.3234,0.5377],04[0.4075,0.5377]
0,[0.3926,0.5646],04[0.6346,0.6346],
3(06,9)=0.2242 05[0.3234,0.5377],
07[0.4075,0.5212]

7°(07,4)=0.2970

Bk 2. £ R MSKQ(Algorithm 2. MSKQ(CSTLg)).
Input: index CSTI, query g(loc,doc.,k);

Output: top-k objects which have highest score.

1:  C—Q//List of candidate objects.
2: for each term t;eq.doc do
3 S; «—source(q.t;); Li«—3; uj—o0;
4: end for

5:  while 3S;such that S=J do
6 i«—selectSource(q.doc);

7 p—S;.next(); us—(p.q); Li—Lip;

8 p_<«updateLowerBound(p);//Formula 14
9

: if l(peC) then
10: C—Cup;
11: end if
12: for each peC do
13: p <«updateUpperBound(p);//Formula 15
14: end for
15: while 3peC, VoeC:p_=max(o ) do
16: C—C—p;
17: reports p, halt if k objects have been reported;

18: end while

19: end while

20: if less than k objects have been reported then

21:  return the objects in C with highest lower bound score p_
22: end if
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AR SCAE A BL SR A7 BB AR VT A CSTI R 71 1R, 355 B Al Wi R 48 22 51 IR-tree FH S21 HEAT T 5% LU (gt
IR-tree F1 S21 M1E# 4 Y5 15).CSTL R H Java SEIL T ML I 7E L & 4GB W47, 2.67GHz Intel X% Ak #1

#5117 PC ML L 5e ik
51 BUE&E

AILIEFE 1 /> POL(point of interest) FL 5L H 4 AL FI TL 2 /> Tweet BB L AT T LU0 PEAL . POI £idis 48 i 5%
TR Z W AR . SR S5 B8R0 POL RN S8 A SO BT 4 AN 51 Tweet WIHRAE, 235 2
Tweet1 60K, Tweet320K, Tweet640K F Tweet1280K. % F BEAL 43 i bf 5 (147 7 1) J5 AR AL ZL 52 Tweet 68 25 (1947
BT R 2 4 AR SR R

x2 Bl

LGEES e S KONl S T S PN N e S P NN N
POI160K 160 000 2.70 39 401 436 901
Tweetl60K 160 000 10.04 94 735 1 685 357
Tweet320K 320 000 10.29 150933 3459213
Tweet640K 640 000 10.24 249 420 6 886 321
Tweet1280K 1280 000 10.30 414 366 13 842 791

52 MALERRSH

AT B IR-Tree,S21 Al CSTI PRI RE, VA 28 51 K% 1) T 45 « 20 180 A Wy SN2 IR () RS 45 17028 1 4 45 R T 4,
FEAS SRR 10 ORI 100 A 70 00 PPl 7 45 R 8k Bl e i K. A7 Bl buffer
sizes ANRIECHE A0 A W BE A 5202 3 45 S0 T A0 2 B, o B DR (s

&3 WhRNSHWE

ZH i
) 5 K (k) 10,20,40,80,160
KB EL 1,2,3.4,5
LRSS 0.1,0.3,0.5,0.7,0.9
B & (Tweet) 160K,320K,640K,1280K
e POI, Tweet

A 4. 4 45 HIET Tweet B¥E 45 IR-Tree. S21 F1 CSTI ¥ 43 [a] 3 #E. MR 7] LLFE H,IR-Tree (125 [4)
JTAH & S21 1) 40 f%,CSTI [ 200 5.4 b TR-Tree,S2T [ 5 4425 [a] R85 9 D 1R 22 (B3 8R & CSTI (1) 5 %5, JE 2
To} ) R A R 51 ,CSTT 12 0] T4 Eb S21 A% 1 AN B 4.

x4 RBolAEE TR
B X £l & K/MMB) LECIPNA BEGRCNECIPNAN TEEE K

CSTI 26 53 143 6.4

160 S21 104.6 86.7 15.3 2.6
IR-Tree 5139.2 31 5076 322

CSTI 53.7 18 24 11.7

320 S21 2593 229 26 4.3
IR-Tree 11449.4 62 11202 185.4

CSTI 98.2 37 39 22.2

640 S21 5343 486 41 7.3
IR-Tree 21938 123 21 381 434

CSTI 173.4 70 60 73.4

1280 S21 997.2 921 64 12.2
IR-Tree 44 261 244 42412 1605

S R (2. & 3(a)FE 3(b)4r Al 4h HZ 51 ) S I () RIS /0 Bl 2 R4 & E AR 15 BL.CSTI ¥
M [ BT ) 28 1/0 #8533 20 1).CS T R S21 1Y i S I 1] JL P JHE 3k IR-Tree 251 1 AN 5508 4, 1 B2 Rk X B
1R SRS I 75 3, DR A5 AN [F) AT 1) S S il , T k> TR S 1/0.CSTI ik i S21 1y 3 2 Jm [F 2
PCTree ¥ S ,PCTree HIF i F1 7T B /0, 25 [A) BY AR BE ) i k.
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(b)

Fig.3 Respond time and I/O varying the number of results
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Fig.4 Respond time and I/O varying the number of query keywords
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Fig.5 Respond time and I/O varying the cardinality of the Tweet dataset
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Fig.6 Respond time and I/O varying the query preference rate
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T A RE.

(2) W2ETTES/IN.CSTL -G H R T SR S8 ] i N A 1) 5 T 20 SR FLE0HE S IR VT Al 45 SRR BH,CSTL 1
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AR A ) F 5 SR A R 3 1 o 20K H ST ke, 23 1) 2R 5 | ) B e 4 AR R BRI
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(a) SRR DA RITTVER T 2 top-k HIREHIR, KA best-first 48 22 S W&, 171X P 35 W 11 6 R 1R
% AR 8 B, T ER R depth-first FIHE 2R SEms LLSH HRE U, 45 Hh 5 RS 10 At 1 iR 22

(b) R HATMI R 5172475 LA R 5180 O 3, 1 205 1) D5 1) A% 2 R0 £ 1) 1) DG IE % 1), 1R S A 15 e AH
SR 45 5L HETE BIHE S L 1 e i i DR TG 28 1A R, T — W R R R 5 &l i i IR R AW H S AR B &
) &6 S T AL HE R 4R Mk R P fe.
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